The reaction of the carbodiphosphorane C(PPh 3 ) 2 (1) with [Co 2 (CO) (1) • , Z = 2. The structure of the cluster with 64 CVE is that of a "spiked triangle" in which the triphenylphosphonioacetylide CCPPh 3 acts as a six-electron donor and the bonding mode is that of a µ 4 -η 2 coordination.
Introduction
The double ylide C(PPh 3 ) 2 (1) has been known since 1961 [1] , and for its solid state a bent structure with an approximately sp 2 -hybridized carbon atom was established by X-ray diffraction [2] . Thus, in accord with a lone pair of electrons, the chemistry of 1 is mainly governed by the properties of a typical Lewis base, and various electron acceptor components produce adducts of the type E←C(PPh 3 ) 2 , in which E can represent an element (S, Se [3] ), a cation (I + [4] , Cl + , H + [5] ), a heteroallene [6] , a group 13 compound (InMe 3 , AlBr 3 [5] ), or various transition metal fragments ([ReO 3 ] + [7] , Cp * Cu [8] , XAu [9] , (CO) n Ni [10] ). Several reviews concerning the chemistry of ylides including 1 have been published [11] . In the case of metal carbonyl compounds the reaction of 1 not only leads to CO substitution and formation of ylide complexes as in [(CO) n Ni(C{PPh 3 } 2 )] (n = 2, 3) [10] , but to a nucleophilic attack of 1 at a carbonyl carbon atom to produce the metal bonded triphenylphosphonioacetylide ligand CCPPh 3 in a "Wittigtype" manner under elimination of OPPh 3 , similar to the action of a hard base as reported for [Fe(CO) 5 ] [12] 0932-0776 / 07 / 0300-0413 $ 06.00 © 2007 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com and [BrMn(CO) 5 ] [13] . With the two options of reaction pathways for 1, we now turned to the transition metal carbonyl [Co 2 (CO) 8 ], which is located between the carbonyls of Fe and Ni. The results of reactions in various solvents are reported here.
Results and Discussion
The results of the reaction of 1 with [Co 2 (CO) 8 4 ] is formed, which apparently is highly reactive (eq. 1 and eq. 2).
As yet, we were unable to confirm the existence of this intermediate. [ [16] . Similar unusual solvent degradation reactions were also observed when group 6 carbonyl compounds were treated with 1 in THF solution; final support for this mechanism is the detection of carbonato complexes in reactions of 1 with [Mo(CO) 6 ], which can only be rationalized by the presence of OH − ions in the reaction mixture [17] . Thus, the colorless compound 2 is finally formed through the action of water.
However, as yet we were not able to detect the butadiene in the reaction mixture, and another mode of degradation of THF with release of H + may also be considered. Theoretical considerations have shown that 1 has a high proton affinity [18] , and during our studies concerning the chemistry of 1 and the related CS 2 , CO 2 and COS adducts we have often observed the formation of the cation (HC{PPh 3 } 2 ) + if THF or halogenated hydrocarbons such as dichloromethane were used as solvents [6] .
To avoid any H abstraction from a source like THF we carried out the reaction of 1 with [Co 2 (CO) 8 ] in toluene. The 31 P NMR spectrum of the initial reaction mixture showed two signals at 23.7 and 16.0 ppm in an approximately 2 : 1 ratio. The low field signal could be assigned to OPPh 3 , which indicates that in the first step a nucleophilic attack of 1 at a carbonyl carbon atom has occurred followed by a Wittig-type reaction with elimination of OPPh 3 and formation of the CCPPh 3 ligand similar to the results of the reactions of 1 with [Fe(CO) 5 ] [12] or [Mn(CO) 5 Br] [13] . From the solution, on layering with n-pentane and standing for some weeks, small amounts of reddish brown crystals separated, which were identified as the tetranuclear cluster [Co 4 (CO) 10 (PPh 3 )(µ 4 -CCPPh 3 )] (3). Unfortunately, the crystals of 3 could not be redissolved in toluene. The initial signal in the 31 P NMR spectrum probably does not belong to the new tetranuclear cluster complex which is expected to show two signals. For compounds with a (CO)CoPPh 3 fragment a low field signal in the 31 P NMR spectrum at about 70 ppm is expected [19] , and the CCPPh 3 group normally resonates at about −10 ppm.
The IR spectrum of 3 exhibits several strong bands between 1948 and 2045 cm −1 , which can be assigned to vibrations of terminal CO groups. Three medium strong bands at 1800, 1819, and 1839 cm −1 can be attributed to the three bridging CO ligands. A medium strong band at 1414 cm −1 may be due to the vibration of the CC multiple bond of the acetylide ligand [20] . 5 ] can be rationalized by the more electrophilic nature of the carbonyl carbon atoms in the iron species because fewer d electrons are present for back bonding into a larger number of CO groups. For the dimeric cobalt carbonyl complex, the experiment establishes a close similarity to the iron carbonyl which has in common the formation of the phosphacumulene or acetylide ligand CCPPh 3 . This interesting ligand is composed of a C 2 unit, which attains 10 electrons by means of the pair of electrons from PPh 3 and thus can Scheme 1. Possible linear and bent arrangements of the isolobal species CCPPh 3 , CNR, and CO. be considered to be isoelectronical with isocyanides or CO as depicted in Scheme 1.
Efforts were also made recently to isolate free CCPPh 3 , which was found to be stable only in solution at very low temperature [21] . However, till now the coordination chemistry of CCPPh 3 has been poorly developed and only few complexes are known. No complex formation was described starting from the free ligand. Like CO, this ligand can coordinate in a terminal manner with donation of two electrons [12, 13] or, as in the trinuclear complex [Fe 3 (CO) 9 (CCPPh 3 )], it can bridge the three metal atoms in a µ 3 -η 2 manner and act as a six-electron donor as required for a satisfactory electron count [12] . To our knowledge, a similar CO coordination is only realized in the trinuclear complex [Cp 3 Nb 3 (CO) 3 (µ 3 -CO)], where the bridging CO group also donates six electrons [22] . Table 2 . Selected bond lengths (pm) and angles (deg) for the salt 2 with estimated standard deviations in parentheses.
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Crystal structures
In order to get a deeper insight into the features of the compounds, the structures of 2 and 3 · C 7 H 8 were determined by single crystal X-ray diffraction measurements. Colorless crystals of 2 were obtained at r. t. by layering the filtered THF solution with npentane, and brownish black crystals of 3 · C 7 H 8 deposited on standing of a toluene solution of the reaction mixture for several days. The toluene molecule in 3 · C 7 H 8 is disordered but could be refined in two split positions (0.6 : 0.4). The ORTEP views of 3 are depicted in Fig. 1 . Although the salt-like solvent-free compound 2 has not been described earlier, the structure is not shown because cation and anion of 2 are well known and related compounds with different counterions have already been published [23, 24] . Details of the structure determinations are collected in Table 1 ; bond lengths and angles are summarized in the Tables 2 and 3.
Molecular structure of 2
The ionic compound 2 forms colorless crystals. There are no remarkable interionic contacts; the shortest C-H··· O distance occurs between a phenyl proton and an oxygen atom with a C··· O separation of 4 ] − is in a distorted tetrahedral environment; the six C-Co-C angles vary between 106.8 and 113.0 • , the mean Co-C and C-O distances are 175.8 and 115.6 pm, respectively. In the cation (HC{PPh 3 } 2 ) + the P(1)-C(5)-P(2) angle amounts to 128.9
• similar to that found in related salts with this cation [23] . The difference between the P-C distances to C (5) and to the phenyl carbon atoms amounts to about 10 pm, and the shorter bond lengths to the ylidic carbon atom indicate some double bond character; however, relative to the neutral carbodiphosphorane C(PPh 3 ) 2 , the presence of the proton at the ylidic carbon atom C(5) leads to an increase of these bond lengths by about 8 pm [2] .
Molecular structure of 3
The cluster core is that of a spiked triangle (Fig. 1) . No close intermolecular contacts exist between the molecules. The cluster core is electronically precise with a total number of 64 CVE's, the magic electron The Co-Co bond lengths in the basal Co 3 plane of 3 are slightly longer than in related compounds. Two CO groups bridge edges of the basal Co 3 triangle, whereas the third one is bridging the spiked Co-Co bond. Molecule 3 does not contain a plane of symmetry indicating chirality, and the unit cell is composed of a pair of enantiomers. For the CCPPh 3 ligand the unusual and not yet described µ 4 -η 2 coordination is achieved, and its terminal C(2) atom is connected to C(1) and all four cobalt atoms; to the latter with nearly equal distances. The carbon atoms C(1) and C(2) form a total of six bonds to Co atoms, and the Co-C bond lengths vary between 198 and 209 pm. With its lone pair of electrons, the carbon atom C(2) bridges two Co atoms symmetrically, whereas in the related iron complex [Fe 3 (CO) 9 (C 2 PPh 3 )] this carbon atom is only connected to one further Fe atom resulting in a µ 3 -η 2 coordination mode for the CCPPh 3 ligand. The C(1)-C(2) bond length amounts to 136.4(4) pm corresponding to an elongated olefinic double bond, and is longer than in the related trinuclear iron complex [132. 5(8) ] [12] ; the same is true for the adja-cent P-C(1) bond, which is slightly longer in the cobalt complex. Thus, the µ 4 coordination mode of the CCPPh 3 ligand leads to an increased electron release with respect to the µ 3 mode. A similar µ 4 -η 2 coordination was also found by us recently with the CO ligand, but the arrangement of the metal atoms (2 lithium atoms at the oxygen atom and an Fe 2 unit at the carbon atom) differs markedly from that in 3 [28] . Thus, the µ 4 -η 2 coordination of the CCPPh 3 ligand found in 3 is unique. The C-C-P angle amounts to 137.0(3) • and is similar to that in [Fe 3 (CO) 9 8 ], the spiked Co-Co bond has two bridges, one CO and one CCPPh 3 group, and the dihedral angle between the planes C(2)Co (3)Co (4) and C(10)Co (3)Co (4) 2 ) ] n (M = group 6 to group 9 transition metals) containing C(PPh 3 ) 2 , 1, as a ligand could as yet be synthesized and their structure confirmed by X-ray diffraction. This is probably due to the poor π acceptor properties of 1 according to the occupied p orbital at the ylidic carbon atom. Complexes of this type are probably formed as reaction intermediates but appear to be strong bases with the option to abstract protons from a variety of solvents such as THF or CH 2 Cl 2 . The resulting proton acceptor complex [(CO) x M(HC{PPh 3 } 2 )] n+1 is less stable than the related silver complex [15] [30] . Further endeavors to find the appropriate conditions for the preparation of [(CO) x M(C{PPh 3 } 2 )] n complexes (or related species [(CO) x M(HC{PPh 3 } 2 )] n+1 ) for group 6 to 9 transition metals and to prove their structure by X-ray diffraction are currently in progress.
Experimental Section
All operations were carried out under an argon atmosphere in dried and degassed solvents using Schlenk techniques. The solvents were thoroughly dried and freshly distilled prior to use. The IR spectra were run on a Nicolet 510 spectrometer. For the NMR spectra we used the instruments Bruker AMX 500 and AC 200. Elemental analyses were performed by the analytical service of the Fachbereich Chemie der Universität Marburg (Germany). 1 was prepared according to a modified literature procedure [31] from (ClC{PPh 3 } 2 )Cl and P(NMe 2 ) 3 . Commercially available [Co 2 (CO) 8 ] was used without further purification.
Formation of (HC{PPh 3 } 2 )[Co(CO) 4 ] (2)
A solution of 1 (0.83 g, 1.60 mmol) in 100 mL of THF was cooled to −78 • C. To this solution [Co 2 (CO) 8 ] (0.66 g, 1.90 mmol) was added and the mixture was stirred for 2 h. The dark red solution was allowed to warm to r. t.. After additional 2 h the mixture was filtered over diatomaceous earth. In the 31 
Formation of [Co 4 (CO) 10 (PPh 3 )(µ 4 -CCPPh 3 )] (3)
To a suspension of 1 (1.00 g, 1.86 mmol) in 20 mL of toluene, which was precooled to −78 • C, was added 0.636 g (1.86 mmol) of [Co 2 (CO) 8 ]. The mixture was stirred mechanically for about 1 h at this temperature and then allowed to warm to r. t. and stirred for additional 5 h. A brownish black reaction mixture was obtained, which was filtered from some insoluble material. The 31 P NMR spectrum of the solution showed two signals at 16.0 and 23.7 ppm in a 1 : 2 ratio. The solution was stored at −18 • 
